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Abstract

Oral squamous cell carcinoma (OSCC) is the most common malignant neoplasm of the oral
cavity, representing ~90% of all oral carcinomas and accounting for 3-5% of all malignancies.
The WWOX gene (WW-domain containing oxidoreductase) is a candidate tumor suppressor gene
located at 16g23.3-24.1, spanning the second most common fragile site, FRA16D. In this report,
the role of the WWOX gene was investigated in 20 tumors and 10 normal oral mucosas, and we
demonstrated an altered WMWWOX gene in 50% (10/20) of OSCCs. Using nested RT-PCR, mMRNA
transcription was altered in 35% of the tumors, with the complete absence of transcripts in 2
samples as well as absence of exons 6-8 (2 tumors), exon 7 (1 tumor), exon 7 and exon 6-8 (1
tumor) and partial loss of exons 8 and 9 (1 tumor). To determine if the aberrant transcripts were
translated, Western blots were performed in all samples; however, only the normal protein was
detected. By immunohistochemistry, a reduction in Wwox protein expression was observed,
affecting 40% of the tumors when compared with normal mucosa. In addition, a novel somatic
mutation (S329F) was found. The presence of alterations in mRNA transcription correlated with
the reduced expression of Wwox protein in the tumors. These results show that the WWOX gene is
frequently altered in OSCC and may contribute to the carcinogenesis processes in oral cancer.
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Oral squamous cell carcinoma (OSCC) is the sixth most common type of cancer worldwide,
accounting for 3-5% of all malignancies and characterized by a high degree of invasiveness
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and metastasis to cervical lymph nodes. It also has one of the lowest 5-year survival rates
among all major tumor types including breast, prostate and colon cancers.! It is generally
accepted that OSCC results from a multistep process of accumulated genetic damage leading
to cell deregulation, with disruption in cell signaling, DNA-repair and cell-cycle, which are
fundamental to homeostasis. Although frequent genetic abnormalities have been
demonstrated in OSCC and in oral dysplastic epithelium,23 the precise molecular
mechanisms of development or progression of OSCC still remain unclear.

WWOX (WW-domain containing oxidoredutase) is a candidate tumor suppressor gene that
was recently identified in chromosome 16023.3-24.1. It was determined that the WWOX
gene spans the common fragile site region FRA16D.4-8 Chromosomal fragile sites are often
hot spots for translocations, deletions, gene amplification and the integration of oncogenic
viruses. These are chromosomal regions that frequently exhibit DNA strand breaks, often
following exposure to chemicals that delay DNA replication.” Of the common chromosomal
fragile site loci, FRA3B and FRA16D are the most frequently expressed.® The tumor
suppressor gene fragile histidine triad (FHIT) was found to span the FRA3B fragile site,? and
abnormal FHIT transcription and low FHIT expression were detected in various human
cancers, including oral squamous cell carcinomas.19-11 Studies on those 2 most frequently
affected common fragile site loci, FRA3B and FRA16D, have provided compelling evidence
that these regions are indeed prone to DNA instability in cancer cells.12 It has been shown
that exposure to environmental carcinogens such as smoking and alcohol consumption
increases the potential for chromosome breakage at fragile sites FRA3B and FRAL6D in
esophageal and non-small-cell lung cancer.13-15 Therefore, as smoking and alcohol
consumption are major risk factors for OSCC,16 given the fact that environmental
carcinogens may preferentially induce alterations in fragile regions, and that alterations of
the WWOX gene have been found in esophageal squamous carcinomas,’ in this report we
investigated whether the WMWOX gene at FRA16D plays a role in tumorigenesis in a series of
primary human OSCCs.

Material and methods

Human tissue

Fresh tissue and blood samples were consecutively obtained from 20 smokers undergoing
therapeutic surgical resection for OSCC at the Hospital Luxemburgo between August 2003
and June 2004. Clinicopathologic data, including patient’s age, sex, TNM staging’8 and
histological grade are shown in Table I. Oral normal mucosa was obtained from volunteers
without OSCC during non neoplastic or preprosthetic surgical procedures (control samples).
The age, sex and smoking habits of the healthy volunteers were matched with patients. The
present study was approved by the local Ethics Committee, and a signed informed consent
was obtained from all patients as well as normal volunteers. In each case, a portion of the
tumor was resected, immediately snap frozen and stored at —80°C. Genomic DNA was
extracted as previously described.1® For immunohistochemistry, a portion of the tissue was
fixed in 10% buffered formalin and paraffin embedded.
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Reverse transcription—PCR analysis

Total RNA was extracted from tumor cells with Trizol reagent (Invitrogen Life
Technologies, Carlsbad, CA), according to the manufacturer’s recommendations and treated
with DNAse (Invitrogen Life Technologies, Carlsbad, CA). First-strand cDNA was prepared
from 1 pg of total RNA treated with DNAse, using the Superscript first-strand synthesis
system (Invitrogen Life Technologies). After reverse transcription, the cDNA was used as a
template for PCR amplification of the human WWOX cDNA. The first and second
amplifications were performed with nested primers, as previously described.1” Both
reactions were carried out in a volume of 25 pl containing 10 pmol of each primer, 2.5 mM
MgCl,, 1.5 mM dNTP mix, 1x PCR buffer, and 1.25 unit of Taqg DNA Polymerase,
Recombinant (Invitrogen Life Technologies). Amplifications were carried out in a
Mastercycler gradient thermocycler (Eppendorf AG) as follows: an initial denaturation for 8
min at 95°C followed by 35 cycles of 94°C for 30 sec, 57°C for 30 sec, 72°C for 1 min, and
a final extension for 5 min at 72°C. One microliter of the amplification product from the
first reaction was used for the second reaction under the same conditions stated earlier.
Glyceraldehyde-3-phosphate dehydrogenase cDNA was amplified as a control for cDNA
quality.20 The amplified products were submitted to electrophoresis on a 6.5%
polyacrylamide gel, followed by silver staining. DNA bands corresponding to the normal
and abnormal size transcripts were purified using the GFX PCR DNA and Gel Band
Purification Kit (Amersham Biosciences, Piscataway, NJ), and sequenced on the ABI
PRISM 310 Genetic Analyzer (Applied Biosystems, Foster City, CA). The 2 primer sets of
the second PCR amplification that amplify the whole open reading frame and 2 other
primers designed to facilitate sequencing of the open reading frame (WW1FOR %/-
CGGCAAAGATAC GACGGCAG-3, exon 4 and WW2FOR 5-ACTTTTGCTCT
ACCCTGG-3, exon 7) were used.

Mutation screening of the WWOX gene

Genomic DNA isolated from the tumors, normal oral mucosas and peripheral blood was
used to amplify all exons of the WMWOX gene. PCR amplifications were performed using
primers previously described.® The reaction conditions were: 100-300 ng of genomic DNA
template; 10 pmol of each primer; 1.5 mM MgCl,, 1.5 mM dNTP mix, 1x PCR buffer and
1.25 unit of Tag DNA Polymerase, Recombinant (Invitrogen Life Technologies) in a 25 pl
final volume in a Mastercycler gradient thermocycler (Eppendorf AG, Hamburg).
Amplifications were carried out as follows: an initial denaturation for 8 min at 95°C,
followed by 35 cycles of 94°C for 30 sec, 57°C for 30 sec, 70°C for 40 sec and a final
extension for 5 min at 72°C. All products were analyzed by electrophoresis on a 6.5%
polyacrylamide gel, followed by silver staining, purified using the GFX PCR DNA and Gel
Band Purification Kit (Amersham Biosciences) and sequenced on the ABI PRISM 310
Genetic Analyzer (Applied Biosystems).

Western blot analyses

Total OSCC and normal oral mucosa protein lysates were made using RIPA buffer (50 mM
Tris pH 7.5, 150 mM NacCl, 0.5% sodium deoxycholate, 1% Triton X-100, 0.1% SDS)
containing protease inhibitor cocktail (Chemicon International, Temecula, CA). OSCC and
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normal tissue were washed twice with 1x PBS, homogenized and then lysed by tissue
grinder (Kontes, Vineland, NJ) in RIPA buffer. The lysates were centrifuged at 14,0009 for
40 min to remove tissue debris. For Western blotting, 50 ug of total protein was separated by
4-15% SDS-PAGE gel and transferred to Hybond-PVDF membrane (Amersham
Bioscience). Blots were blocked in PBS buffer with 5% skim milk for 45 min at room
temperature. Wwox protein was detected using affinity purified antiwwox polyclonal
primary antiserum.2! This antiserum has no detectable crossreactivity with other cellular
proteins as demonstrated by immunoblotting of total protein extracts from cell lines
containing homozygous deletions of the WWOX gene.2! In addition, preadsorption of the
antiserum to a GST fusion protein containing the WWOX WW domains completely
eliminated immunohistochemical reactivity. Primary antibody exposure was performed for 2
h at room temperature with rabbit polyclonal anti-Wwox (1:500) and conjugated antirabbit
secondary antibody at dilution 1:20,000 (Molecular Probes, Eugene, Oregon). The detection
was performed by chemiluminescence ECL plus Kit (Amersham Bioscience). Actin was
detected using mouse monoclonal anti-p-actin antibody (Santa Cruz Biotechnology, San
Diego, CA) diluted 1:1,000 and conjugated antimouse secondary antibody; 1:2,500
(Molecular Probes, Eugene, OR).

WWOX immunohistochemistry

Results

Tissue sections from OSCC and oral normal mucosa were stained with Wwox antiserum.21
Briefly, 4 um paraffin-embedded sections were dewaxed in xylene and hydrated with graded
ethanol. Endogenous peroxidase activity was blocked with 3% H,0, in water for 10 min.
Heat-induced epitope retrieval was performed with 1 mM EDTA buffer pH 8.0 for 30 min in
a steamer at 96°C. Primary polyclonal rabbit antiWWwox antiserum (140 pg/ml) was used at a
1:100 dilution (in BSA 0.5%) for 18 h at 4°C. This was followed by incubation with the
labeled streptavidin—biotin (LSAB) Kit (DakoCytomation California Inc, Carpinteria, CA).
Peroxidase activity was developed with DAB (Sigma, St Louis, MI) with timed monitoring
using a positive control sample. The sections were then counterstained with hematoxylin,
dehydrated and mounted. Two experienced independent pathologists examined multiple
fields and scored tissue sections for extent of staining, regardless of staining intensity (+1,
0-10% positive cells; +2, 11-50% positive cells; +3, greater than 50% positive cells). OSCC
scored as +3 was considered as having normal expression to Wwox (oral normal mucosas
were all +3).

Aberrant WWOX gene transcripts

RT-PCR amplification was performed to analyze WWOX mRNA expression. Seven of 20
cases (35%) showed altered or absent expression of WWOX gene. Of these 7 tumors, 5
showed transcripts with total or partial loss of exons. One tumor sample (#CAD5) did not
exhibit a normal size transcript. Furthermore, in 2 tumor samples (#CA3 and #CA18) no
transcript was detected. Both samples were positive for Cytokeratin 19 that was used as a
marker of epithelial cells.22 All normal mucosa had normal size transcripts without aberrant
transcripts (Fig. 1a). Sequence analysis of the RT-PCR products showed loss of exons 6-8
(#CAZ2, #CA5, #CA21 and #CA24) (Fig. 1b), and 2 new WWOX transcripts were detected,
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with loss of exon 7 (#CA2) (Fig. 1d) and partial loss of exons 8-9 (#CA12) (Fig. 1c).
Interestingly, tumor #CA2 showed 2 transcript variants, with the loss of exons 6-8 and
deletion of exon 7. The remaining tumors showed only normal-size transcript.
Representative results of nested RT-PCR analysis are show in Figure 1.

Expression of Wwox protein

To determine whether WWOX aberrant transcripts were translated into protein, we
performed Western blot analysis of lysates from all 20 cases of OSCC as well as oral normal
mucosa. We detected Wwox using affinity purified polyclonal antiserum raised against
Wwox amino acid residues 12—-94 that recognizes conserved domains of the Wwox
protein.2! Normal oral mucosa samples detected the 46 kDa protein band corresponding to
Wwox. Products of the aberrant transcripts present in OSCC (#CA2, #CA5, #CA12, #CA21
and #CA24) were not seen, suggesting that these aberrant transcripts were not translated into
protein or, less probably, that the proteins synthesized were being quickly degraded, making
them undetectable (Fig. 2).

Wwox expression in normal oral mucosa and OSCC was also confirmed by
immunohistochemistry. Epithelial cells in normal oral mucosa displayed a cytoplasmic
staining for Wwox protein as shown in Figure 3. All normal tissue showed a score +3 for
Wwox (Fig. 3a). Of the 20 OSCC tumors, 8 tumors (40%) showed a reduced expression to
Wwox. Five of these (#CA2, #CA10, #CA11, #CA12 and #CA18) were score +2 (Fig. 3¢)
and 3 (#CA3, #CAS5 and #CA16) showed a score +1 (Fig. 3b).

Taken together, the results obtained by RT-PCR and immunohistochemistry showed that the
majority of tumors (5/7) with altered transcripts had a marked reduction in the expression of
Wwox protein (Table I1). Furthermore, tumor #CADS that had only an aberrant transcript did
not stain for Wwox at all (Fig. 3b).

WWOX gene sequence mutation and variants

To determine the presence of somatic or germline mutations of the WM/OX gene in OSCC
and normal tissue, direct sequencing of PCR products of all coding regions of the WWOX
exons was performed in both tissue and peripheral blood from all samples. A unique somatic
missense mutation (homozygous) was detected in tumor #CA12. TherewasaCto T
transition at the second nucleotide of codon 329 (exon 8) in the SDR domain, that resulted in
the substitution of Serine to Phenylalanine (Fig. 1€). To confirm the somatic mutation, DNA
from peripheral blood from this OSCC patient was examined and a wild-type sequence was
present (data not shown). Sequencing analyses of all other tumors demonstrated the
occurrence of 5 previously described nucleotide variations; C746G, A660G, C969G,
C1442T and T1497G.23 None of these alterations affect critical residues of the WW
domains or the SDR domain and represent common polymorphisms. In addition, analysis of
germline DNA from 30 unrelated subjects was performed to demonstrate that the C329T
was not a polymorphism.
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Discussion

In this study, molecular alterations of the WMWOX gene in 20 OSCC tumors were assessed.
Previous reports have described WMWOX alterations based either on genomic DNA and RT-
PCR or protein expression by immunohistochemistry and Western blot. The present study is
the first to analyze a large series of OSCCs and normal oral mucosas, using all of the
methods mentioned earlier. We demonstrated that WMWOX gene expression is commonly
altered in OSCC, suggesting that WWOX is involved in the process of carcinogenesis of the
oral squamous epithelium. Analysis of DNA, RNA and protein data showed that WWOX is
altered in 50% of OSCC tumors. Among the primary OSCC tumors studied, RT-PCR
showed loss or aberrant transcripts in 35%. In addition, mutation analysis revealed one novel
missense mutation, located in the SDR domain. To date, only one somatic mutation, also
located in exon 8, has been described.1” By immunohistochemistry, the Wwox protein
expression was reduced in 40% (8/20). We also provided, by Western blot, evidence that the
aberrant transcripts are not translated into protein. The possibility of rapid degradation of the
instable product protein must also be considered. This pattern of aberration affecting WWOX
is similar to that of the FHIT gene in human tumors242° and could be caused by its location
at a fragile site in the human genome.26 It has been known for some time that a fragile site
replicates late during the cell cycle and common fragile sites are susceptible to and
preferentially targeted by the same carcinogenic agents. It is conceivable that breakage at
WWOX/FRA16D and FHIT/FRA3B loci can be inflicted concordantly.27:28

In one tumor (#CA18), immunohistochemistry showed moderate (score +2) expression, but
no transcript was detected by RT-PCR. As the analysis at the molecular level and
immunohistochemical analysis were done on separate pieces of tumor, strong (score +3)
protein expression in 2 cases (#CA21, #CA24) with loss of exons 6-8 might be explained by
the occurrence of heterogeneous expression. Three cases with reduced or missing protein
expression (#CA10, #CA11 and #CA16) did not exhibit any abnormality at genetic level, so
besides heterogeneous expression, the possibility of epigenetic abnormalities such as
WWOX methylation can be contemplated.2930 In addition, the presence of alterations in
MRNA transcription correlated with the reduced expression of Wwox protein in 5 cases
(#CAZ2, #CAS3, #CAb, #CA12 and #CA18).

In summary, in this report, we demonstrate a reduction in the expression of WWOX gene in
50% of the OSCC tumors compared with the normal mucosa as well as a novel mutation of
the WWOX gene. These results show that the WWOX gene is frequently altered in OSCC and
contributes to the carcinogenesis processes in oral cancer.
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Figure 1.
RT-PCR amplifications of the WWOX cDNA of OSCC. (a) Electrophoresis in

polyacrylamide gel 6.5% was used to detect wild-type transcript (1284 bp) and alterations in
the WWOX mRNA transcripts. Absence of transcript was seen in 2 tumors (#CA3 and
#CA18) as well as 3 different types of aberrant transcripts: X (#CA2), Y (#CA12) and Z
(#CA2, #CA5, #CA12, #CA21 and #CA24). (b-d), representative sequences from OSCC
showing loss of exons (* represents a partial loss of the exon). (b), #CAD5; (c), #CA12; (d)
#CAZ2. (d) frameshift alteration in the open reading frame. (€) somatic mutation (C—T) of
tumor #CA12, causing a S329F alteration.
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Figure2.
Western blot analysis of Wwox protein in OSCC. Wwox polyclonal antiserum was used to

detect WWOX protein in total protein extracts. Only wild-type Wwox protein with 46 kDa
was detected.
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Figure 3.
Immunohistochemical detection of Wwox protein in normal oral mucosa and OSCC.

Representative immunostaining results of Wwox protein expression. (a) Normal oral
mucosa showing (strong) cytoplasmic staining in all layers of the epithelium (score +3). (b)
OSCC representative tumor (score +1) with absence of expression of the Wwox protein
(#CAD). (c) OSCC tumor demonstrating a few tumor cells expressing the Wwox protein,
score +2 (#CA12) and (d) tumor showing score 3 expression of Wwox protein (#CA24);
400x.
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CLINICO-PATHOLOGICAL CHARACTERISTICS OF THE TUMORS

Tumors Sex Age(y) TNm1 Histology2
#CA2 F 41 T3NOMO 2
#CA3 M 59 T4NOMO 1
#CA4 M 42 TINOMO 1
#CAS M 55 T4N1IMO 3
#CAT M 37 T4NOMO 3
#CA8 M 49 T2NOMO 2
#CA9 M 59 T2NOMO 2
#CA10 M 74 T4NOMO 1
#CA11 F 50 T2NOMO 1
#CA12 M 79 T3NOMO 1
#CA13 M 73 T2NOMO 1
#CAl4 M 72 T4N3MO 2
#CA16 M 53 T4N2MO 2
#CAL7 M 61 T2NOMO 1
#CA18 M 68 T3NOMO 1
#CA19 F 57 T2NOMO 1
#CA20 M 57 T2NOMO 2
#CA21 F 72 T2N2MO 2
#CA22 M 73 T4NOMO 2
#CA24 M 63 T2NOMO 2

]TNM classification18.

Histological grading: 1 — well differentiated; 2 — moderate; 3 — undifferentiated.
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TABLE Il
RT-PCR AND IMMUNOHISTOCHEMISTRY (IH) SUMMARY

Tumors RT-PCR1 Aberrant product IH scor €2

#CA2 N and aberrant  Exon 6-8 deletion +2
Exon 7 deletion
#CA3 A - +1
#CA4 N - +3
#CAS Aberrant Exon 6-8 deletion +1
#CAT7 N - +3
#CA8 N - +3
#CA9 N - +3
#CA10 N - +2
#CAl1l N - +2
#CA12  Nandaberrant  gyon 8-9 deletion3 +2
#CA13 N - +3
#CA14 N - +3
#CA16 N - +1
#CAL7 N - +3
#CA18 A - +2
#CA19 N - +3
#CA20 N - +3
#CA21 N and aberrant ~ Exon 6-8 deletion +3
#CA22 N - +3
#CA24 N and aberrant ~ Exon 6-8 deletion +3

lRT-PCR: N, wild type transcript; A, absence of transcript.

Immu-nohistochemistry scores; +1, 0-10% positive cells; +2, 11-50% positive cells; +3, >51% positive cells. Normal mucosas were used as
positive controls, all score +3.

3Partial exon deletion.
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